Include problems which are due to old age" (emphasis in original).
The units of analysis were "synthetic wards" covering the whole of England. These small areas were formed by amalgamating contiguous small electoral wards (with populations less than 5000) until a unit with a population of at least 5000 was obtained. The resulting 4985 small areas had an average population of about 9500. The intention of this amalgamation procedure was to reduce the problem caused by small numbers of observations, particularly with regard to the mortality data. Further details about this amalgamation procedure can be found in Carr-Hill et al. 4 In order to understand variations in illness between areas, it is essential to adjust for age and sex to capture differences in illness that result from the ward's age/sex profile. Direct and indirect SIRs were therefore calculated for all residents (including those living in institutions). The indices were multiplied by 100 so an SIR greater than this figure implied more (self reported) limiting, long term illness in a ward than could be explained solely by its age/ sex profile. Data were available by sex in 18 five year age bands, and the SIRs were calculated for five age groups (all ages, 0-64, 0-74, 65-74, and over 75) for each of 4985 synthetic wards. Indirect SIRs were also calculated for residents in households only.
In the same way, using the alternative census question, an indirectly standardised sickness/ disability ratio (SSR) was calculated for those of working age. In addition, the usual (indirectly) standardised mortality ratios (SMRs) were available for each ward aggregated for the three years 1990-92. To explore the extent to which the SIR can be explained by directly measured health factors, we first examined the correlation between various SIRs, the comparable SMRs, and the SSR. In order to examine these associations further, the SIR for those aged under 75 was regressed, firstly against the corresponding SMR, then with SSR as the regressor, and finally with both variables as explanatory variables. In this and all subsequent regression models, natural logarithms were taken of all variables (so that a multiplicative model was employed).
A large number of additional variables, mainly drawn from the census, were constructed. In summary, these covered the following aspects of social and economic circumstances: housing tenure; housing amenities; car ownership; overcrowding; ethnic origin; elderly living alone; lone parents; educational attainment; migrants; unemployment; social class; and non-earning households.
Simple pairwise correlations between these socioeconomic variables and the SIRs were calculated. Models of SIR were then developed using multivariate regression analysis. At To ascertain the importance of demography, the rate of limiting, long term illness for all residents in each small area was regressed on the proportions in each age/sex group. Each ward was weighted by its share of the total population. The resulting ordinary least squares regression indicated that differences in demographic characteristics explained 70-2% of the variation in (self reported) limiting, long term illness between small areas in England.
Descriptive statistics of the SIR and SSR are shown in table 3. There was very little difference between the direct and indirectly standardised illness rates, so results for indirectly standardised ratios only are shown. The results for all residents and those only in households were broadly similar. There was substantial variation in the SIRs across synthetic wards: for example, the all ages indirect SIR varied from under 49 to over 217. This suggests that at least one ward had an illness rate that was less than half that of the national rate, while another had a rate more than double that across the whole country.
The older the age group covered by the SIR, the smaller the variation across wards (as was seen in the lower SDs and small ranges for the older age groups in table 3). This probably reflects the fact that, as populations age, a smaller proportion of the variation in morbidity is due to variations in socioeconomic factors. Finally, the SSR exhibited a far greater degree of variation across the wards than did any of the SIRs. While the SSR varied between 12 and 462, the SIR for those of working age ranged from 33 to 300.
Correlation coefficients between the different indirect SIRs are reported in table 4, and confirmed that many of the indicators were very highly correlated. In particular, the high correlations between the SIRs for household residents and for all residents should be noted. In addition, because of the high degree of association between indirectly standardised SIRs and their directly standardised coun- Table 5 Mean standardised illness ratios for those aged 0-74y and those over 75y, and standardised sickness ratio and standardised mortality ratio (SMR) for all wards in relation to health region terparts, our subsequent analysis focused on the indirectly standardised rates to be consistent with SMRs, which are only routinely available in indirect form. Table 5 shows how the SIR (all residents), SSR, and SMR vary between RHAs. Again, the northern regions had the worst rates of illness, sickness/disability, and mortality. As anticipated, there was far less variation between the regional SIRs for the older age group. In terms of ranking, however, the RHAs were in broadly similar positions for both age bands. In both cases, wards in south west Thames region had the lowest average SIR -almost 25% below the national average -while the average SIR was greatest in the northern region -almost 30% above the national average. The regional rankings were also very similar for the under 75s SIR and the SSR, although once again the latter displayed far more variation than the former. Tables 6 to 10 present the results of the analysis of the factors associated with variations in the SIRs across small areas. Table 6 shows the correlation between SIRs and selected health status variables. There was very high correlation (0 96) between the all ages SIR and the SSR (which is restricted to those of working age). There was also a high correlation (0 81) between the SIR for those aged under 75 and the corresponding SMR, confirming the good performance of mortality as a proxy for variations in morbidity in this age group. Table 7 shows that directly measured health factors explain much of the variation in the households; No carer = proportion of dependent in no carer households; Students = proportion of 17 year olds that are students; Migrants =proportion of residents moving from outside the local authority district in previous year; Unemployed = proportion of economically active that is unemployed. *HR= household residents only. Table 9 Regressions (standard errors) of the standardised illness ratio for residents in households aged under 75 using Atkinson's added variable approach SMR. Finally, model 3 included both the SSR and SMR. Together, the SSR and SMR explained 90% of the variation between wards of the SIR for residents in households aged under 75 and, as model 3 shows, four additional social variables added a further 3-5% to the adjusted R2 statistic.
Two variables were found to have a significant negative relationship with the SIR over and above the SSR and SMR. This implied that areas with a higher proportion ofhousehold heads in non-manual social classes and a larger proportion of residents moving from outside the district in the last year had a lower SIR, holding all other factors constant. On the other hand, the proportion of residents who reported themselves as being in a black ethnic group and the proportion of children in non-earning families were positively associated with the SIR.
The results in table 9 show the extent to which other health indicators explain variation in self reported, limiting, long standing illness. It is interesting to consider the extent to which it is possible to explain this variation using purely (exogenous) socioeconomic variables. The regression was repeated without use of health related variables (table 10) .
The model explained 85% of the variation in the SIR and all of the variables had plausible interpretations. The unemployment rate was the single most important variable which alone explained 73% of the variation in the SIR, while the four other variables explained a further 12%. The manual variable could be interpreted as a further indicator of low income. The significance of the no carer variable suggested, quite sensibly, that a dependent who is living on their own is more likely to experience a given condition as a limiting, long term illness than someone who is living with a carer, who, presumably, is able to help them with their daily life. The negative sign on the variable measuring the proportion of residents living in privately rented accommodation was at first rather surprising. However, this might be indicating areas with a relatively high proportion of students and thus the inverse relationship with the SIR is to be expected. A similar model emerged when the dependent variable was the SIR for those aged over 75, although much less (about 50%) of the variation in the dependent variable could be explained, for reasons discussed earlier.
In a regression, there is an implication that causation runs from the explanatory variables on the right hand side of the equation to the dependent variable on the left hand side. In the present context, this may suggest that unemployment "causes" illness. Clearly, it is also possible that illness may lead to unemployment, or that high unemployment in an area may cause an increase in the propensity to self report illness.'8 This may occur, for example, if respondents believed that census returns might be made available to administrators of welfare benefits, and thus may have an effect on benefit eligibility.
To investigate such possibilities, we first examined the correlation between the SIR and unemployment for various age groups, and between the SIR and three other indicators of poverty (table I 1). Although there was evidence that the correlation between the SIR and unemployment increased with age, there was also a similar pattern in the correlations between the SIR and the three other indicators of poverty.
Following the argument set out above, one might expect the change in correlations with age to be greater in the higher unemployment While the responses to the question represent a synthesis of health and social determinants of perceived morbidity, it is not clear the extent to which it may serve as a useful planning tool at the small area level. Health service planners should therefore be cautious of its use and not assume that it provides the single measure of need that many have sought.
This work arose from a study of the determinants of health care need in small areas commissioned by the UK Department of Health. Thanks are due to many participants in that study, in particular Keith Derbyshire and Peter Dick at the NHS Executive, and to George Davey Smith for detailed comments on an earlier draft of this paper. Much of the data preparation on which the study relied was carried out by our colleague Geoff Hardman.
